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not of atmospheric supply. And the fact that all the other crops 
will yield full agricultural results even on ordinary arable land, 
when proper manures are applied, is surely very strong evidence 
that it is with them, too, a question of soil, and not of atmospheric 
supply. 

But we have other evidence leading to the same conclusion. 
Unfortunately we have not reliable samples of the soil of the 
different experimental fields taken at the commencement of each 
series of experiments, and subsequently at stated intervals. We 
have nevertheless, in some cases, evidence sufficient to show 
whether or not the nitrogen of the soil has suffered diminution 
by the continuous growth of the crop without nitrogenous 
manure. 

Thus we have determined the nitrogen in the soil of the con¬ 
tinuously unmanured wheat plot at several successive periods, and 
the results prove that a gradual reduction in the nitrogen of the 
soil is going on ; and, so far as we are able to form a judgment 
on the point, the diminution is approximately equal to the 
nitrogen taken out in crops; and the amount estimated to be 
received in the annual rainfall is approximately balanced by the 
amount lost by the land as nitrates in the drainage water. 

In the case of the continuous root-crop soil, on which the 
decline in the yield of nitrogen in the crop was so marked, the 
percentage of nitrogen, after the experiment had been continued 
for twenty-seven years, was found to be lower where no nitrogen 
had been applied than in any other arable land on the farm which 
has been examined. 

In the case of the experiments on the mixed herbage of grass 
land, the soil of the plot which, under the influence of a mixed 
mineral manure, including potass, had yielded such a large 
amount of leguminous herbage and such a large amount of 
nitrogen, showed, after twenty years, a considerably lower 
percentage of nitrogen than that of any other plot in the series. 

Lastly, determinations of nitrogen in the garden soil which has 
yielded so much nitrogen in clover, made in samples collected in 
the fourth and the twenty-sixth years of the twenty-seven of the 
experiments, show a very large diminution in the percentage of 
nitrogen. The diminution, to the depth of 9 inches, only repre¬ 
sents approximately three-fourths as much as the amount esti¬ 
mated to be taken out in the clover during the intervening period ; 
and the indication is that there has been a considerable reduction 
in the lower depths also. It is to be supposed however that 
there would be loss in other 'ways than by the crop alone. 

I would ask. Have we not in these facts—that full amounts 
of the different crops can be grown, provided proper soil con¬ 
ditions are supplied ; that without nitrogenous manure the yield 
of nitrogen in the crop rapidly declines ; and that, coincidently 
with this, there is a decline in the percentage of nitrogen in the 
soil—have we not in these facts cumulative evidence pointing to 
the soil, rather than to the atmosphere, as the source of the 
nitrogen of our crops ? 

In reference to this point I may mention that the ordinary 
arable soil at Rothamsted may be estimated to contain about 
3,000 lbs. of nitrogen per acre in the first nine inches of depth, 
about 1,700 lbs. in the second nine inches, and about 1,500 lbs. 
in the third nine inches—or a total of about 6,200 lbs. per acre 
to the depth of twenty-seven inches. 

In this connection it is of interest to state that a sample of 
Oxford clay obtained in the sub-Wealden exploration boring, at 
a depth of between 500 and 600 feet (and which was kindly 
given to me by the President of the Association, Prof. Ramsay, 
some years ago), showed, on analysis at Rothamsted, approxi¬ 
mately the same percentage of nitrogen as the 'subsoil at 
Rothamsted taken to the depth of about 4 feet only. 

Lastly, in a letter received from Boussingault some years ago, 
referring to the sources whence the nitrogen of vegetation is 
derived, he says :— 

“ From the atmosphere, because it furnishes ammonia in the 
form of carbonate, nitrates, or nitrites, and various kinds of 
dust. Theodore de Saussure was the first to demonstrate the 
presence of ammonia in the air, and consequently in meteoric 
waters. Liebig exaggerated the influence of this ammonia on 
vegetation, since he went so far as to deny the utility of the 
nitrogen which forms a part of farmyard manure. This influ¬ 
ence is nevertheless real, and comprised within limits which have 
quite recently been indicated in the remarkable investigations of 
M. Schlosing. 

“From the soil, which, besides furnishing the crops with 
mineral alkaline substances, provides them with nitrogen, by 
ammonia, and by nitrates, which are formed in the soil at the 


expense of the nitrogenous matters contained in diluvium, which 
is the basis of vegetable earth; compounds in which nitrogen 
exists in stable combination, only becoming fertilising by the 
effect of time. If we take into account their immensity, the 
deposits of the last geological periods must be considered as an 
inexhaustible reserve of fertilising agents. Forests, prairies, and 
some vineyards, have really no other manures than what are 
furnished by the atmosphere and by the soil. Since the basis of 
all cultivated land contains materials capable of giving rise to 
nitrogenous combinations, and to mineral substances, assimilable 
by plants, it is not necessary to suppose that in a system of culti¬ 
vation the excess of nitrogen found in the crops is derived from 
the free nitrogen of the atmosphere. As for the absorption of 
the gaseous nitrogen of the air by vegetable earth, I am not 
acquainted with a single irreproachable observation that esta¬ 
blishes it; not only does the earth not absorb gaseous nitrogen, 
but it gives it off, as you have observed in conjunction with Mr, 
Lawes, as Reiset has shown in the case of dung, as M. Schlosing 
and I have proved in our researches on nitrification. 

“ If there is one fact perfectly demonstrated in physiology it 
is this of the non-assimilation of free nitrogen by plants ; and I 
may add by plants of an inferior order, such as myeoderms and 
mushrooms (translation).” 

If, then, our soils are subject to a continual loss of nitrogen 
by drainage, probably in many cases more than they recei ve of 
combined nitrogen from the atmosphere—if the nitrogen of our 
crops is derived mainly from the soil, and not from the atmosphere 
—and if, when due return is not made from without, we are 
drawing upon what may be termed the store of nitrogen of the 
soil itself—is there not, in the case of many soils at any rate, 
as much danger of the exhaustion of their available nitrogen 
as there has been supposed to be of the exhaustion of their 
available mineral constituents ? 

I had hoped to say something more about soils to advance our 
knowledge respecting which an immen-e amount of investigation 
has been devoted of late years, but in regard to which we have 
yet very much more to learn. I must however now turn to 
other matters. 

(To be continued.) 


IMPROVED HELIOGRAPH OR SUN SIGNAL 1 

HE author claims to have contrived a heliograph, or sun 
telegraph, by which the rays of the sun can be directed 
on any given point with greater ease and certainty than by those 
at present in use. 

When the sun’s rays are reflected at a small plane surface 
considered as a point, the reflected rays form a cone, whose 
vertex is at the reflector and whose vertical angle is equal to 
that subtended by the sun. Adding to the size of the mirror 
adds other cones of light, whose bounding rays are parallel with 
those proceeding from other points of the mirror, and only 
distant from them the same distance as the points on the mirror 
from which they are reflected. Hence increasing the size of the 
mirror only adds to the field to which the sun’s rays are reflected 
a diameter equal to the diameter of the mirror, and this at any 
distance at which the sun signal would be used is quite inap¬ 
preciable. Adding to the size of the mirror adds to the number 
of rays sent to each point, and hence to the brightness of the 
visible flash, but not to the area over which it is visible. 

By the author’s plan an ordinary field-glass is used to find 
the position of the object to be signalled to, and to it is attached, 
in the position of the ordinary sun-shade, a small and light 
apparatus, so arranged that when the mirror is turned to direct 
the cone of rays to any object within the field view of the glass, 
an image of the sun appears in the field, at the same time as the 
image of the distant object, and magnified to the same degree, 
and the part of the field covered by this image is exactly that 
part to which the rays are reflected, and at which some part of 
the sun’s disk is visible in the mirror. 

A perfectly plane silvered mirror, A, takes up the rays of the 
sun, and when in proper position reflects them parallel with the 
axis of D, which is one barrel of an ordinary field-glass. The 
greater part of the light passes away to the distant object, but 
some is taken up by the small silvered mirror, E, which is 
placed at an angle of 45 0 to the axis of D, and reflected at a 
right angle through the unsilvered plane mirror, F, and the 
convex lens, K, by which it is brought to a focus on the white 

* Paper read at the British Association by Tempest Anderson, M.D., B.Sc. 
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screen, H, which is placed in the principal focus of K. The 
rays from this image diverge in all directions, and some are 
taken up by the lens K and restored to parallelism ; some of 
these are reflected by the unsilvered mirror, F, down to the field- 
glass, D , and if this is focussed for parallel rays, as is the case 
in looking at distant objects, an image of the sun is seen pro¬ 
jected on the same field of view 7 as that of the distant object. 
As the mirrors E and F are adjusted strictly parallel, the rays 
proceeding from F into the field-glass are parallel and in the 
opposite direction to those going from the mirror A to E, which 
form part of the same pencil as those going to the distant object. 
Hence the image of the sun seen in the field exactly covers the 
object to which the sun-flash is visible, and in whatever direction 
the mirror A is moved so as to alter the direction in which rays 
are reflected to the distant object, and the angle at which part 
impinge 011 E and are reflected through the lens IC, the image 
visible in the glass moves in the same direction. Several 
attempts to produce this result were made by the use of 
mirrors and prisms, before the lens K was introduced, but they 
all failed. It was easy to make the image of the sun cover the 
object when the two occupied the centre of the field of view, 
but directly the mirror was inclined so as to direct the rays not 
strictly parallel to the axis of the field-glass, the apparent image 
diverged generally in the same direction along one co-ordinate, 
and in the opposite along one at right angles to it, so that 
nowhere, but in one line across the field, did the image lie in the 
desired position. The mirrors E and F are adjusted parallel 
once for all, by noticing the position on a screen of the small 



spot of light reflected from the front of F as the light passes 
from E to K. The mirrors are moved by the adjusting screws 
till this spot has, to the bright reflection from the mirror A, the 
same relative position that the centre of mirror F has to the 
mirror A. 

In actual use the field-glass is first fixed in position pointing 
to the object, either by holding steadily in the hand, or better 
by a clamp attached, by which it can be screwed into a tree or 
post, or fixed in the muzzle of a rifle. The instrument is turned 
on the barrel of the glass till the sun is in the plane passing 
through the two axes of the instrument, and the mirror A is 
turned till the bright image of the sun is seen on the screen //, 
through a hole left for the purpose in the side of the tube. On 
looking through the glass the sun’s image is seen, and by then 
slightly rotating the instrument or moving the mirror, is made to 
cover the object. The minor A is connected not directly to the 
body of the instrument, but to a lever B, on which it works 
stiffly, so as to retain any position in which it is placed. Lever 
B works easily and has a limited range of motion, to one end of 
which it is pressed by a spring; slight pressure with the finger 
moves it and its attached mirror, so as to throw the light on and 
off the object in a succession of long and short flashes by which 
letters and words may be indicated. Flashes may also be given 
by moving the instrument if held in the hand. 

The above instrument answers well for all positions of the 
sun except when very low behind the observer’s back. For 
this case another mirror is provided by which the light is 
reflected oti to the mirror A, 

The instrument, which is made by Cook and Sons, York, was 
exhibited. It was favourably criticised by the president, Prof. 
W. G. Adams, F. Galton, and others. 


SELENIUM AND THE PHOTOPHONE 1 

T N bringing before you some discoveries made by Mr. Sumner 

Tainter and myself, which have resulted in the construction 
of apparatus for the production and reproduction of sound by 
means of light, it is necessary to explain the state of knowledge 
which formed the starting point of our experiments. I shall 
first describe the remarkable substance selenium, and the manipu¬ 
lations devised by various experiments ; but the final result of our 
researches has evidenced the class of substances sensitive to light 
vibrations, until we can propound the fact of sensitiveness being 
a general property of all matter. We have found this property 
in gold, silver, platinum, iron, steel, brass, copper, zinc, lead, 
antimony, German silver, Jenkin’s metal, Babbitt’s metal, ivory, 
celluloid, gutta-percha, hard rubber, soft vulcanised rubber, 
paper, parchment, wood, mica, and silvered glass ; and the only 
substances from which we have not obtained results are carbon 
and thin microscopic glass. We find that when a vibratory 
beam of light falls upon these substances they emit sounds—the 
pitch of which depends upon the frequency of the vibratory 
change in the light. We find further that, when we control the 
form or character of the light-vibration on selenium, and 
probably on the other substances, we control the quality of the 
sound and obtain all varieties of articulate speech. We can 
thus, without a conducting wire as in electric telephony, speak 
from station to station, wherever we can project a beam of light. 
We have not had opportunity of testing the limit to which this 
photophonic influence can be extended, but we have spoken to 
and from points 213 metres apart; and there seems no reason to 
donbt that the results will be obtained at whatever distance a 
beam of light can be flashed from one observatory to another. 
The necessary privacy of our experiments hitherto has alone 
prevented any attempts at determining the extreme distance at 
which this new method of vocal communication will be available. 

I shall now speak of selenium. 

In the year 1817 Berzelius and Gottlieb Gahn made an 
examination of the method of preparing sulphuric acid in 
use at Gripsholm. During the course of this examination, 
they observed in the acid a sediment of a partly reddish, 
partly clear brown colour, which, under the action of the 
blowpipe, gave out a peculiar odour, like that attributed 
by Klaproth to tellurium. As tellurium :was a substance of 
extreme rarity, Berzelius attempted its production from this 
deposit; but he was unable, after many experiments, to obtain 
further indications of its presence. He found plentiful signs of 
sulphur mixed with mercury, copper, zinc, iron, arsenic, and 
lead, but no trace of tellurium. It was not in the nature of 
Berzelius to be disheartened by this result. In science every 
failure advances the boundary of knowledge as well as every 
success, and Berzelius felt that, if the characteristic odour that 
had been observed did not proceed from tellurium, it might pos¬ 
sibly indicate the presence of some substance then unknown to 
the chemist. Urged on by this hope he returned with renewed 
ardour to his work. He collected a great quantity of the mate¬ 
rial, and submitted the whole mass to various chemical processes. 
He succeeded in separating successively the sulphur, the mer¬ 
cury, the copper, the tin, and the other known substances whose 
presence had been indicated by his tests; and, after all these 
had been eliminated, there still remained a residue which proved 
upon examination to be what he had been in search of—a new 
elementary substance. The chemical properties of this new 
element were found to resemble those of tellurium in so remark¬ 
able a degree, that Berzelius gave to the substance the name of 
“Selenium,” from the Greek word selene, the moon (“tellu¬ 
rium,” as is well known, being derived from tellus, the earth). 

Although tellurium and selenium are alike in many respects, 
they differ in their electrical properties, tellurium being a good 
conductor of electricity, and selenium, as Berzelius showed, a 
non-conductor. Ivnox discovered, in 1837, that selenium became 
a conductor -when fused; and Hittorff, in 1852, showed that it 
conducted, at ordinary temperatures, when in one of its allotropic 
forms. When selenium is rapidly cooled from a fused condition 
it is a non-conductor. In this its vitreous form it is of a dark 
brown colour, almost black by reflected light, having an exceed¬ 
ingly brilliant surface. In thin films it is transparent, and ap¬ 
pears of a beautiful ruby red by transmitted light. When 
selenium is cooled from a fused condition with extreme slowness 
it presents an entirely different appearance, being of a dull lead 

1 Lecture delivered at the Boston meeting of the American Association by 
Prof. A. Graham Bell, 
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